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(54) JUNCTION METHOD USING TIN-BISMUTH SOLDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high junctioning strength by using 
an Ag-doped film as electrode material for being junctioned and by doping Ag 
into Sn-Bi solder from the Ag-doped film by difusion of Sn-58Bi solder 
during soldering junction. 

SOLUTION: A high junctioning strength can be obtained by using an Ag- 
doped film 4 as electrode material for being junctioned and by doping Ag into 
Sn-Bi solder 5 from the Ag-doped film 4 by diffusion of Sn-58Bi solder 
during soldering junction. For example a polyamide film covers over Ag wire 
with 1mm diameter, solder balls with 0.8mm diameter are preliminary 
soldered at terminal surface of the Ag wire and pairs of these two pieces are 
faces each other and are heated to junction with Ag wire. A result of a tension 
test indicated a high junctioning strength is obtained by junctioning Ag with 
Sn-58Bi. 
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* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The junction technique of the tin-bismuth solder characterized by forming a silver (Ag) addition layer in the soldering 
section on the circuit board, and subsequently to this soldering section joining electronic parts with tin (Sn)-bismuth (Bi) solder. 
[Claim 2] The junction technique of the tin-bismuth solder according to claim 1 characterized by forming the aforementioned 
soldering section by the layer of nickel (nickel) or copper (Cu), and forming the aforementioned silver addition layer of the 
thickness exceeding 5 micrometers in the front face of this nickel or copper. 

[Claim 3] The junction technique of the tin-bismuth solder characterized by using for the surface-coating material of the soldering 
section on this circuit board the tin-bismuth solder with which a bismuth exceeds 50Wt% in case electronic parts are soldered to 
the circuit board using the tin-bismuth solder which contains tin 40 - 50Wt% and contains 40 - 70 Wt% for a bismuth. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] In case the surface mount of this invention is carried out to the circuit board with 
LSI element, the solder material in electronic equipment and the electrode material for a junction, and solder, it relates to covering 
processing of an electrode joint front face in which an important role is played. 

[0002] The fraction to which parts, such as electronic equipment, are joined with solder gets a large majority. If it is generally 
called solder, the alloy of tin-lead (Pb) is known and it is used also as a cementing material of the various above-mentioned 
package methods. 
[0003] 

[Description of the Prior Art] With the conventional technique, terminals (lead), such as electronic parts, or the electrode is joined 
to the copper (Cu) electrode pad on the circuit boards, such as a printed circuit board, by applying the temperature of about about 
220 degrees C in a package of DIP method, QFP method, and LCC method using the solder of 1 83 degrees C of the melting 
points of the eutectic composition of Sn-63 Wt%Pb, for example. 

[0004] However, in Sn-Pb system solder, the lowest temperature that carries out melting is 183 degrees C of Sn-37 Wt%Pb, the 
temperature of about 2 1 0-220 degrees C is needed for a soldered joint, and the solder which can correspond to low 
temperature-ization of package temperature from the thing of being unable to carry out the batch junction of the heat-resistant low 
parts by the reflow attracts attention. 

[0005] Moreover, the motion that Pb contained in the solder for electronics also from the viewpoint of environmental pollution 
will be regulated recently has changed actively [ ** ] internationally. Corresponding to this motion, the development of the solder 
which does not contain Pb, and the so-called Pb free solder prospers. 

[0006] Now, Pb free solder to which the development is advanced uses the eutectic solder of Sn systems, such as 
Bi-43Sn(melting point: 139 degree C):Sn-3.5Ag (melting point:221 degree C), as the base, and adds the third [ little ] and the 
fourth element for adjustment of the melting point, and an improvement of a mechanical property. The point of a development is 
that have junction nature equivalent to Sn-37Pb, and workability, and the tramp elements of Pb others is not included. 
[0007] Conventionally, Sn-52In (117 degrees C of melting points), Sn-58Bi (139 degrees C of melting points), etc. are known as 
low-temperature solder which substitutes Sn-Pb system solder. Sn-Bi solder attracts attention from the viewpoint of a 
low-temperature junction and the formation of Pb free. As for saying [ Sn-Bi solder ], Sn says the thing of the alloy containing the 
alloy whose remainder is Bi and the silver (Ag) of the domain of a minute amount (1 - 3%), zinc (Zn), germanium (germanium), 
copper (Cu), antimony (Sb), the indium (In), etc. at 20 - 65Wt%. 

[0008] mechanical, since a junction reliability serves as the important point in a soldered joint - it becomes important [ that it is 
the material which was excellent in the character, and that two a bonding strength is large ] The third element added here is added 
in order to compensate the property of solder. For example, although Sn-58Bi has the concern to the junction reliability to which 
it comes from the brittleness of Bi, it is adding Ag and it is known that a mechanical property will be improvable. 
************** 

[0009] Moreover, the puq^ose by which surface-coating processing is performed to the joint of a substrate or parts is for making 
soldering nature good and securing the reliability of a product for the mechanical strength of a joint as sufficient thing. As an 
operation which improves soldering nature, it is as follows. 

[0010] ** Improve soldering nature by covering the material with more sufficient soldering nature to the bad base material of 
soldering nature. If the solder used at the time of a package is covered to a base material, it will become the so-called reserve 
solder. 

[001 1] ** By covering the base material which is easy to cause surface cauterization, such as oxidization, with the material which 
is hard to corrode, prevent the cauterization on the front face of a base material, and secure soldering nature. Surface-coating 
processing is formed of a hot-dipping method besides electroplating like electrolysis plating or electroless plating, a vacuum 
deposition, etc. Since Sn-37Pb occupies as mentioned above in most solder for the present electronics, also in surface-coating 
processing, the reserve solder of an Sn-Pb system occupies most. 
[0012] 

[Problem(s) to be Solved by the Invention] In the Sn-Bi system solder of the preceding clause, if Ag to add increases too much, it 
is also known that a mechanical property deteriorates conversely. 
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[00 1 3] For example, if the Sn-58Bi- 1 Ag solder which was excellent in elongation is joined to n ickel or Cu, a high bonding 
strength is realizable. However, the intensity of a joint will be reduced, while the content of Ag m solder will increase and 
elongation will become small, if it joins by solder to Ag. 

[0014] For this reason, it is required to enable it to add the amount of Ag in Sn-58Bi solder the optimum. Moreover, the problem 
of Pb regulation needs to advance Pb free-ization also with the surface-coating material of not only solder but a joint. Into Pb free 
surface-coating material, golden (Au) rose ****** (Pd), Sn, Ag-Pd, and the reserve solder by Pb free solder can be considered. 
As surface-coating material of the component lead section, the parts which used Sn plating and Pd plating are already marketed. 
[00 1 5] However, when Sn plating parts are mounted using the solder of an Sn-Bi eutectic system, compared with the case where 
it mounts using sn-bi eutectic solder plating parts, it says that a bonding strength falls remarkably, and a problem occurs. 
[0016] 

[Means for Solving the Problem] Drawing 1 is principle explanatory drawing of this invention. For the soldering section, three 
metal electrodes, and 4, as for Sn-Bi solder and 6, in drawing, Ag addition layer and 5 are [ 1 / the circuit board and 2 / electronic 
parts and 7 ] surface-coating material. 

[0017] In this invention, as shown in cross-section structural drawing, Ag addition layer 4 is used for drawing 1 (a) for the 
soldering section 2 of the electronic parts 6 to the metal electrode 3 of the circuit board 1 at a joined electrode material, and a high 
bonding strength is offered like the case where the high Sn-58Bi solder 5 of a bonding strength is used, by making Ag add from 
Ag addition layer 4 in the Sn-Bi solder 5 by diffusion with the Sn-58Bi solder 5 at the time of a soldered joint 
[00 1 8] Moreover, by arranging nickel or Cu to Ag of the amount altogether diffused in the Sn-Bi solder 5 on the front face of a 
metal electrode 3 at the time of a soldered joint, and the second layer, Sn-58Bi5 which added Ag collectively will be in the status 
that it is joined to nickel and Cu, and the junction of it with a more high intensity is attained. 

[0019] ^Moreov er, in order to solve t he above-mentioned problem also in the surface-coating material 7 which makes Sn a 
pr incipal component. As a result ot investigating status, such as an organization of the solder after a junction, and compositi on, 
ancTrepeating a study zealo usly. tllp < - ause of a f all of a bonding strength It became clear that it is because Sn which is the 
surface-coatin g material 7, such as a terminal of electronic parts 6, is mixed with the alloy of the Sn-Bi solder~5, composition of 
Hie soiaer or tne soldering section 2 chang es anp 1 it is made Sn ri ch bv melting and a diffusion of a solder . 
[0020] By change of this alloy composition, it is extended, and when the mechanical property ot an alloy called tensile strength 
changes, a bonding strength falls. Therefore, in order to raise a bonding strength, it is required to suppress composition change of 
the solder of a joint. 

[0021] Composition change suppression of an alloy can be attained by adjusting the joint surface-coating material by the side of 
the circuit board so that the composition after a solder, a lead, and surface treatment material mixture of a pad may become the 
same as that of a solder. 

[0022] By the solder at the time of a junction, and mixture of joint surface treatment material, the solder of a joint has the 
composition and the mechanical property different from the original alloy, and a bonding strength falls. Joint surface-coating 
processing of the circuit board can adjust composition to the existing grade freedom according to the volition of the manufacturer 
of a printed circuit board. Then, when a solder and parts side joint surface-coating material are mixed, when substrate side joint 
surface-coating material is mixed further, a bonding strength can be raised by adjusting composition of substrate side joint 
surface-coating material so that composition change of a solder can be suppressed. 
r [0023] in order that parts side joint surface treatment material may make solder allo y com position after a j unction Sn rich in Sn 
platin g or Sn-lOBi plating -- substrate side joint surface treatment material -- Bi -- it is supposing that it is rich and composition 
change can be suppressed^ 

100241 That is, by performing plating of Sn rem ainder_Qn_a_suhst rate_pad Bi70 - 90wt%, more than Bi50wt%, Sn remainder, and 
this better ** can suppress composition change, and can improve a bonding strength. 
V/ [0TJ251 : 

[Embodiments of the Invention] Drawing 2 - view 5 is explanatory drawing of the example of this invention, drawing - setting -- 
8 ~ Ag wire and 9 a polyimide layer and 1 0 - a solder ball and 1 1 ~ Ag layer and 1 2 - nickel or Cu wire, and 1 3 a printed 
circuit board and 1 4 - for electronic parts and 1 7, as for QFP package and 1 9, a tenninal and 1 8 are [ Ag and 1 5 / Sn-Bi solder 
and 16 / a glass epoxy-group plate and 20 ] Cu pads 

[0026] Drawing 2 explains the fust example of this invention which checks a bond strength. The Ag wire 8 was joined by 
comparing solder ball 10 comrades mutually and heating them, having covered the polyimide layer 9 on the Ag wire 8 with a 
diameter of 1mm, having carried out the reserve solder of the solder ball 10 with a diameter of 0.8mm to the end face of the Ag 
wire 8, and having used this as 2 couples. 

[0027] Virtual junction temperature was performed at 170 degrees C, and the heating time was performed in 30 seconds. Two 

kinds of solder, Sn-58Bi and Sn-58Bi- 1 Ag, was used for the solder ball 1 0. The experiment with the same said of the 

conventional Sn-37Pb solder was conducted for this invention and the comparison. Consequently, virtual junction temperature is 

210 degrees C, and the heating time was performed in 30 seconds. 

[0028] The result which performed the hauling examination is shown in Table 1 . 

[0029] 

[Table 1] 
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(Kg/B» a ) 



AgiSn-58Bi 


AgtSn-58Bi-lAg 


AgiSn-37Pb 


8. 5 9 


6.9 0 


6. 04 



[0030] It is 2 8.04kg/mm by 2, Ag, and junction of Sn-37Pb 6.90kg/mm at a junction of 2, Ag, and Sn-58Bi-l Ag 8.59kg/mm in 
Ag and a junction of Sn-58Bi. Wlien it became and Sn-58Bi was joined to Ag, it turns out that a high bonding strength is 
obtained. 

[003 1 ] Next, drawing 3 explains the second example of this invention which checks a bond strength, nickel with a diameter of 
1mm or the Cu wire 12 -- the polyimide layer 9 - covering the end face of a wire 12 -- the Ag layer 1 1 - plating - it formed in 
thickness of 1 micrometer It joined by comparing solder mutually and heating them, having earned out the reserve solder of the 
solder ball 10 with a diameter of 0.8mm to this, and having used this as 2 couples. 

[0032] Solder used two kinds, Sn-58Bi and Sn-37Pb. For virtual junction temperature, Sn-58Bi is [ both the heating times of 1 70 
degrees C and Sn-37Pb ] 30 seconds at 2 10 degrees C. 

[0033] The result which performed the hauling examination is shown in Table 2. 

[0034] 

[Table 2] 



Sn-58Bi 


Sn-58Bi 


Sn-37Pb 


Sn-37Pb 


8. 9 1 


7.7 0 


7. 8 3 


7. 6 4 



[0035] When it joins by Sn-58Bi, a bonding strength higher than what the wire 1 2 of the base joined also in ****** of nickel and 
Cu using Sn-37Pb is obtained. Next, the third example of this invention which actually soldered electronic parts to the circuit 
boards, such as the printed circuit board, about invention of the first of this application is explained. 

[0036] As shown in a cross section, silver is beforehand formed [ a part (soldering section) for the joint with the terminal 1 7 of 
the electronic parts 1 6 of the wiring copper foil on a printed circuit board 1 3 ] in drawing 4 according to the vacuum deposition 
and the phot process at the thickness of 100 micrometers. The solder of Sn-58Bi is earned on it and it heats for 30 seconds by 
heating at 170 degrees C. Silver is spread in Sn-Bi solder from the thin film of the silver on copper foil, and firm soldering of the 
electronic parts to a printed circuit board is completed. 

[0037] Next, the fourth example of this invention concerning surface-coating material about invention of the second of this 
application is explained. The 208 pin QFP package 18 of 0.5mm pitch in which Sn plating with a thickness of 10 micrometers 
has been performed to terminal 1 7 front face was joined to the Cu pad 20 of the joint of the glass epoxy-group plate 1 9 with Sn-Bi 
eutectic solder. The Cu pad 20 used what performed 10Sn-90Bi plating with a thickness of 1 5 micrometers, and the thing which 
is not processed for a comparison. 

[0038] The result which evaluated the bonding strength of a lead by the peeling (sublation) examination is shown in Table 3. 

[0039] 

[Table 3] 



No 


£ & 


'J-K 

mmn 






i 




Sn 


* t 


1 0 0 


2 


Sn-Bi ftfi 


Sn 


10Sn-90Bi 


4 5 0 


3 


Sn-Bi*A 


Sn-Bi#A 




4 7 0 


4 


Sn-Pb&& 




ft l 


4 8 0 



[0040] As shown in Table 3, on the conditions 1 from which composition of a solder and lead surface treatment material is 
different, a bonding strength serves as lOOg / pin. This is a very low value compared with the alloy performed by carrying out a 
comparative experiments, and the conditions 3 that composition of surface treatment material is the same and the conditions 4. 
[0041] On the other hand, on the conditions 2 which adjusted the surface treatment material of a pad so that the composition after 
a solder, a lead, and the surface treatment material of a pad being mixed might become the same as that of a solder, compared 
with conditions 1 , the bonding strength is improving sharply and turns into an intensity of the same grade as conditions 3 and the 
conditions 4. 
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[0042] 

[Effect of the Invention] As explained above, when Sn-Bi system solder is used, it is joining Sn-Bi solder to the electrode of Ag 
addition layer, and addition of Ag to the inside of solder is attained, and a strong high junction is attained. 
[0043] Moreover, a joint can solve the problem of a fall of the bonding strength by composition change of a solder by using the 
high intensity junction technique of Sn plating parts using Sn-Bi eutectic system solder. Thereby, the junction reliability of Sn 
plating parts using the lead free solder of an Sn-Bi eutectic system is securable. 



[Translation done.] 
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* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] Principle explanatory drawing of this invention 
[Drawing 2] Explanatory drawing of the first example of this invention 
[Drawing 31 Explanatoi-y drawing of the second example of this invention 
[Drawing 4] Explanatory drawing of the third example of this invention 
[Drawing 51 Explanatory drawing of the fourth example of this invention 
[Description of Notations] 
In drawing 

1 Circuit Board 

2 Soldering Section 

3 Metal Electrode 

4 Ag Addition Layer 

5 Sn-Bi Solder 

6 Electronic Parts 

7 Surface-Coating Material 

8 Ag Wire 

9 Polyimide Layer 

10 Solder Ball 

1 1 Ag Layer 

12 Nickel or Cu Wire 

1 3 Printed Circuit Board 

14 Ag 

15 Sn-Bi Solder 

1 6 Electronic Parts 

17 Tenninal 
18QFP Package 

1 9 Glass Epoxy-Group Plate 

20 Cu Pad 
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(5 7) Abstract: 



PROBLEM TO BE SOLVED: To obtain a high 
junctioning strength by using an Ag-doped film as 
electrode material for being junctioned and by doping 
Ag into Sn-Bi solder from the Ag-doped film by 
difusion of Sn-58Bi solder during soldering junction. 
SOLUTION: A high junctioning strength can be 
obtained by using an Ag- doped film 4 as electrode 
material for being junctioned and by doping Ag into 
Sn-Bi solder 5 from the Ag-doped film 4 by diffusion 
of Sn-58Bi solder during soldering junction. For 
example a polyamide film covers over Ag wire with 
1mm diameter, solder balls with 0.8mm diameter are 
preliminary soldered at terminal surface of the Ag 
wire and pairs of these two pieces are faces each 
other and are heated to junction with Ag wire. A 
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result of a tension test indicated a high junctioning 
strength is obtained by junctioning Ag with Sn-58Bi. 
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trtt 5 i ji/^/d^oA ff <D&mm&& < a o , 

S < ft 4 i (Hl^tcg^SPco^e^fiT 3 If r b S 5 o 
[0014] C<Dtc#>, S n - 5 8 B i t£A,/c#(DA g 

PbStOCDWHtt, I^^WTIitt < , S^SP 
(DmmimmMcr>^xi>. Pb7'J-ffcS:it«>4£* 
50 Pb^y-siuattRwt i(Au), ^' 




(3) 
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7^A(Pd), Sn, Ag-Pd^, PbVV-te 

[0015] i t*>i)K Sn-Bi 2kB&<D\*A*tc&& 
*m^XSn&^$m&£^Ltcm£> Sn-BiS 

o < f&TT « i i ^ t mm&&&r & . 

[0016] 

[WiilBRtifcftOf S] H 1 B*»!8©JIQHttW io 
95, 3^111, 4ttAgaSJnB. 5llSn-BilU 
[0017] *«MT 6*. 01(a) ScEJSSStg 1 <D£ 

^/cS^fCSn - 5 8 B i i©ffi»CC<fc 

Sn -B i K^c5*tcAg8SflDH4 J:5Ag*aS 
»n?-tf^C<!:tCj:0, 8 B i 

^5*ffl^te»^4raaR:, 20 

[0018] *fc. ^K««3©affitc^«Jg^ll#CC 
Sn-B i ^/d5 4Kc^-rfi£tStU^<TM<DAg, fp 
— JlKiN i £fcttCu4EH-r*C±-t\ 4f*ibtA 
g*«JDLteSn-5 8B i 5*«N i. Cuig^n 

[0019]*fc, Sn4iJ&»<tT*3iffi»«»7CC 

WM6oiSff*o«i!ffl»7r*5S 

n*s, Sn-B itt^5<D££<fcjB£U ti/Uttttt 
m2<DfoA,tc&&<DmJ&&^itLT. Sn V v^itLX 

[0 0 2 0] CO-&*j|ft5SO^ttCctoT, 51 o 

[0 0 2 1 ] £^*J^f tWMWtt, 0SSaWcDS^ 40 

*fcW<&»lcD§^«<D*|-, 



[0022] m£m<DteMc&&tm^mwmmtt<D 

£**nJ1)BrfcS. fee, ^/c^igpaffiiJS^gp^ 

[0 02 3 ] gP D a D ffliJS^gP^ffiW^^S n S 
n-lOBi #>o£cDit£\ S^»CD¥ffl^3fefflfi£B S 

[0 0 24] o^f), Bi50wt%KL SnglSP, 
C<D*KtiBi 70-90wt%, S n ^SBQ&o # 

3Sffi*fa±-r 4 c i #*c# * e 

[00 2 5] 

SKB, lO«tt>WEiF-;k llttAgft l2ttNi*/c 
ttCuy-f-K i3tJ^»;> hS«. i4ttAg. isteSn 

[0026] mm&&&mttttmi<Dm-<D$mm 

CCOL^r, H2 JCcfc 9t#BBT&o ISlmm(0Ag7>f 
+ 8CC#U-f 5 FBt9 4»»U Ag7>ft8(0« 
i&&0. 8ram(DCi^/c^-;H0^^i(i^/^:U, Ch 

[00 2 7] &£«tttt nou mmmmte3 oer 

frofc. tt^**-Jl/10CC«S n-58BiiSn-5 
8B i - 1 Aff<02«W©tt^4ffl^fc. *#6WfcJt 
«W>/ctf>, SfcfcCDS n - 3 7 P b tt^cr |g«<Z>J£!R 

tfr-^fc. zoi&m. m^umtz 1 o-c-c. trains 

[002 8] 5lo5R0B»4tTofc*S*4*Hc^-r. 
[00 2 9] 
C*l ] 

(Kg/mm 1 ) 



AgtSn-58Bi 


Ag<hSn-58Bi-iAg 


AgtSn-37Pb 


8. 5 9 


6.9 0 


8. 0 4 



[00 3 0] AgiSn-5 8B i©a^T'8. 59 k 
g/mm 1 , AgiSn-58Bi-lAg©g^-C 
6. 9 0kg/mm a , A g t S n - 3 7 P b<Djg£"C 



50 



8. 04ks/mm l iftG, AgiSn-58Bi4 

[0031] y^ic. ««fttt4*B-r4*i6W<o»r— © 
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i t fcttC u 7 tl28C* U -{ 3 FR9 tttSl. V A 

tfLLtc cnscfi&O. 8mm<DW^fc#wUio£: : JHi 

z^Mxmm? s c t tc j: o »^ u /c 0 

[0 03 2] lU/cBSn -58Bi iSn-37Pb* 



*©2«S«rfBt>fc. Jg^fflSt*. Sn-58Bi«17 
0 °C, Sn-37Pbt*210 T!TMM$fIBtt£ 3 

[00 3 3] 5lo«>56W*tf-7fc*S»**2CC7Sro 
[0 0 3 4] 
[*2] 



(Kg/m l > 



Sn-5SBi 


Sn-58Bi 


Sn-37Pb 


Cu(CAgtoo#t 
So-37Pb 


S. 9 1 


7.7 0 


7.8 3 


7.6 4 



[0035] Sn-58Bi -^-XCD 
9-f+l23WNi. Cu©l^tiiC**tir4>, Sn-3 7 

[o o 3 6 ] H4{elKffiiat?7n-rj:5K: v *?* , J>hSS 20 

cc«& 1 0 0 Mmowscc^aaaiffii-? 

B i ©teX/c£iH!\ 1 7 0 TJfcJrttfrC 3 0#j»^T 

*> a mm±(om<omm^fbm^s n - b i tiA,/d^a£t^ 



T-T-5. 

[0 0 3 7 ] *ffilBIO»— ©«W*C^l^. Siffi 

& D 48^-17^ fcff 3 1 0 /im©Sn6-p**i«Lt* 
0. 5mmt:7^<D2 0 8f>QFP/^^^lS 

8B©Cu>** K20frCft^Lfc. Cu'** F20K/53 1 5 
Mm<D10Sn-90Bi £ 3rS6L/efc©£ > Jttfc 

[0 0 3 8] y-F©s^5SK%tr-y>y (««) w 
^cJ:0i?ffiL/c^^a3Cc^t- fl 
[0 03 9 ] 
[*3] 



No 


£ & 


U — K 






1 




Sn 




1 0 0 


2 




Sn 


10Sn-90Bi 


4 5 0 


3 








4 7 0 


4 


Sn-Pb#hft 


Sn-Pb*ffi 




4 8 0 



[004 0] «3 tc^SttfcJ: -5 5C. «/Uc£#± y - 

[0 04 1 ] CfttCttUT, &/»Tc&£t V - KfciO* 

it. ^frliCj:h^rgE^a«^iti{C|6)±LT*ii3. * 
[0042] 

im&mm] vx±mm\^tc£ *> cc. s n - b i swx 

ftffcffll^fctl^EJ. As?JSJll]je©S&K:*fL"CS n-B 



[0 043 ] * fc. Sn-Bi *JI^«A,/c£fflC>fc S 
^n«*Wift-j'*Ci**-C**. cntcj;^. Sn-B 

[HI] **9J©JSaiSWBIS 

[0 2] *I6K©3I— ©HifiWOiJi^H 
[03] *^^©^^©Hi60fl©iJiBJ0 

[04] *^©^H©H*6WI©I»B^0 

[0 5] *mw<Dmw<j>mmm<D®mm 

50 [^©Ift^] 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 



S n - B i «A,Jg 




(5) 

*n Agl 

12 N i SfcfctCu 

13 ^V>hSfe 

14 Ag 

15 S n - B i fcJX/c 

16 ^""F'taPao 

17 KH 1 

IS QFP'^^r-^ 

10 20 C u ^ ^ K 
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8 



6. feltfffi 

2. nA,f£fJu»' 




\ 10. IUt:#-JU 

rr™^ c 1 



^ — p 



i 



Z.IUfi'ttltSP 

6 . of Sb 

,5.Sn-6i lUfc' 




1 



t. 



■c 



[03] 



IU9* IZNilfrC 
Cu7YY 



[04] 



16. ITfffo 



^| 15. Sn-Bi It/Ui 
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[05] 



W.QYPlWr-*/ 



»^HJSIH«rfj4iMIZJb/hBB*4TS 1 # 
1^ 6±iH*5&£ttrt 



(72)^^ mm 

»^HiiJHii«TtT4iME±/hBg*4Ta 1 

1# m±M¥tt£;ttf*! 



